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Abstract 
Historically, aquatic ecosystem restoration has attempted to return a region to past 
or pristine conditions, which is often unachievable. Here I examine a different approach 
using a target fish community analysis that efficiently reveals aspects of the ecosystem 
that are most important for site improvement. The target community is comprised of the 
relative proportions of fish species that should be at a location based on fish present in 
biologically similar reference sites considered to be ecologically acceptable. Comparison 
with the current proportions of species at the restoration site reveals specific objectives 
on which ecologists can focus in order to maximize restoration efforts. This study 
examines the effectiveness of target fish community analysis in the San Francisco Bay, 
the largest estuary on the Pacific coast, using four coastal estuaries: Columbia Estuary, 
WA/OR; Tillamook Bay, OR; Morro Bay, CA; and Santa Monica Bay, CA. Trawl data 
from South San Francisco Bay conducted by the Marine Science Institute in Redwood 
City, CA from 1970 - present were used for the comparison. Data revealed no changes in 
species abundances through time, and benthic species were consistently underrepresented 
relative to the target. In addition, pelagic Northern Anchovy were overabundant even 
though they were the most prevalent species in the target. I propose that the dominant 
Northern Anchovy benefits from eutrophic conditions and increasing food availability, 
which lowers benthic oxygen and results in lower fish abundance. In addition, toxins 
such as mercury and polychlorinated bisphenols buried in sediment could contribute to 
low abundances of benthic species. The study showed that restoration efforts should 
focus on eutrophication and sediment toxicity as important aspects of the San Francisco 
Bay that impact fish communities and that the target community analysis has great 
potential for systems with appropriate reference sites.  
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Introduction 
  Many efforts in natural resource and aquatic restoration have focused on imitating 
historically natural conditions. Yet such an objective might be impractical, if not 
impossible, when considering the extent to which humans have altered the landscape, 
climate, and waterways. In addition, a once pristine ecosystem might be firmly 
incorporated into modern societies, and human involvement could be viewed as a natural 
component of the system. It is therefore increasingly difficult for managers of aquatic 
environments to propose reasonable goals that are both effective and realistic. An 
alternative to focusing on ideal restoration conditions is to use the target community 
concept of Bain and Meixler (2008), a methodology that has previously been applied to 
fish. The aim of a target fish community analysis is to establish a reasonable restoration 
goal for the system in need of restoration, given current and future needs of both society 
and the environment. The target community is modeled after observed communities in 
biogeographically similar sites that are in acceptable environmental condition within the 
context of human societies. The fish communities and relative species abundances of 
such reference sites are compiled to construct an expected target community for the 
restoration site. The target list is then compared with a list of fish species and proportions 
currently present in the restoration site to identify deviations from the target. Further 
analysis provides explanations for why such deviations are present, and suggests specific 
objectives on which ecologists can focus in order to maximize restoration efforts within 
the system.    
The target community methodology has been implemented previously in rivers in 
the northeastern United States by Bain and Meixler (2008) and an estuarine portion of the   4 
Hudson River (Bain unpublished) and is seen as an effective tool for ecologists and 
managers involved in river restoration (Bain and Meixler 2008; Petts 2009). Although the 
methodology relies on previously-studied reference systems that are not identical to the 
system in question, the development of a target community allows for efficient analysis 
of the “Where do we want to go?” management component. The target community 
approach quickly identifies the most influential aspects of an ecosystem to suggest 
realistic improvements. The target community, coupled with scientific research on 
specific aspects of the community, is a practical and appropriate tool in aquatic resource 
management.  
The San Francisco Bay (the Bay) in northern California provides an appropriate 
test of the target community method because it is a popular Pacific coast location that 
receives a great deal of attention from both residents and visitors. Public education 
regarding the natural status of the Bay is common. There have been numerous scientific 
publications outlining the status of Bay organisms and their habitats, as well as 
suggesting areas in need of improvement (Cohen and Carlton 1998; Dallas and Barnard 
2009; Leidy 1984; Martin 2004; Rosenfield and Baxter 2007; van Geen and Luoma 1999; 
Watson and Byrne 2009). Because the target community approach is a relatively new 
concept, the previously published knowledge regarding the fish communities present in 
the Bay through time can be a useful check on the validity of this method. Results from 
such ecological studies can be compared with my outcomes to see whether or not there is 
a substantial difference. Finding little or no difference would show that the same 
conclusions can be drawn from this faster, cheaper, and less laborious method. 
Furthermore, because of the environmental and social importance of the Bay, there have   5 
been many long-term studies of the fish communities found in different sub-regions of 
the estuary (i.e. upper delta, South Bay, and San Pablo Bay) (Bennett 2005; Grimaldo et 
al. 2009; Hobbs et al. 2006; Kimmerer 2006). These provide the opportunity to suggest 
site-specific recommendations for restoration goals and objectives.  
Goals of this study were to (1) apply the target community method to an urban 
estuary to review its execution and success in such a system; (2) determine if findings 
and interpretations are consistent with known changes in the Bay; (3) evaluate whether or 
not results are applicable and informative over time; and (4) identify benefits and 
possible limits of using the target community method.  
Analysis revealed that the Bay is in fair environmental standing, with main 
species of the target community present in the Bay. However, pelagic species represent a 
larger proportion of the community and benthic species represent a smaller proportion of 
the community than predicted by the target. These results have been documented in 
scientific literature as occurring in the Bay. I propose that these findings are explained by 
(1) pelagic eutrophication leading to benthic hypoxia, and (2) high sediment toxicity. The 
target community is therefore an effective tool for restoration management in the San 
Francisco Bay. 
Methods 
Development of the target community 
  The first step in the development of the target community was to choose reference 
sites that are biogeographically similar to the San Francisco Bay. These reference sites 
were considered to be in acceptable condition in comparison to the Bay, with similar 
temperature and salinity values. Four reference sites were chosen based on (1) the EPA 
West Coast Coastal Condition Report III summaries of environmental stressor and 
response data for approximately 200 coastal water sites along the Pacific Coast (USEPA   6 
2008); (2) the possible ranges of coastal fish species found within the San Francisco Bay 
(Burgess 1984, (Goodson 1988), Moyle 2002); and (3) measured salinity levels of the 
estuary. For this analysis, I chose the Lower Columbia River Estuary, Tillamook Estuary, 
Morro Bay, and Santa Monica Bay as reference sites (Figure 1). These four estuaries met 
the above qualifications, and were the most similar to the Bay in terms of human impact.  
  Second, fish data for each site were 
obtained from the NOAA Estuarine Living Marine 
Resources (ELMR) online database (NOAA 
2005). The ELMR program compiles and 
maintains a database of distribution, abundance, 
and life history characteristics of fish and 
invertebrates of United States estuaries. Data are 
based on information from published and 
unpublished expert sources (Emmett 1991). Since 
the ELMR database contained inconsistent life 
stage data for the four reference sites and only 
adults were recorded in the Bay community 
dataset, only adult life stages were considered 
             when developing the target community. ELMR  
             abundances are also divided into three salinity 
zones: Tidal Fresh (0.0-0.5 parts per trillion [ppt]), Mixing (0.5-25.0 ppt), and Seawater 
(>25.0 ppt). Since data I used from the Bay included salinity levels that span the entire 
available spectrum (0.0 - >25.0 ppt), fish abundances from all salinity zones were 
considered. Next, for each of the four reference sites, abundance values of each species 
were averaged across time to calculate annual abundance for each salinity zone. Annual 
abundance values were then averaged across salinity zones to create one abundance value 
for each species at each location. The average of the abundances at each location was 
then calculated to determine a mean abundance value for each species that should be 
found in the Bay. 
  Abundance values of species were then compiled into a final list and ranked in 
descending order. Species with identical abundance values were listed alphabetically. 
Figure 1. Map of the Pacific coast of the 
United States. The San Francisco Estuary 
(outlined) and reference sites are shown.    7 
Species ranks were then converted into reciprocals (1/rank) and summed. Finally, each 
species’ reciprocal rank was divided by the sum of all reciprocal ranks to produce a 
proportion value for that species. This procedure creates a log-log line that transforms 
ranks into weighted proportions (Bain 1987; Bain and Meixler 2008). The resulting 
distribution reflects a power law distribution, a fundamental pattern reported in nature in 
a wide variety of contexts (e.g. Richter scale, population densities, city development) 
(Mandelbrot 1983, Bak 1996, Solè and Goodwin 2000). Because of the prevalence of this 
pattern in natural systems, it was assumed to be operating in the Bay fish community 
structure as well. The final product was a target list of species with accompanying 
proportions representing abundance (Appendix A). Because this is a compilation of the 
similar reference sites, the list of target species presents a possible community structure 
for the fish assemblage of the San Francisco Bay.     
Restoration study area 
The San Francisco Bay (37° 43′ 0″ N, 122° 17′ 0″ W, Figure 1) is an urban 
estuary known to be an essential nursery for many marine fishes (Brown 2006, Ostrach et 
al. 2008). The San Joaquin Delta and Sacramento River that feed into the Bay experience 
high recreational and industrial use. Two of the largest water diversion pumps in the 
world lie along the river and its tributaries (Grimaldo et al. 2009). The reduction of 
endangered species such as the Delta Smelt has been contributed to the large pumps and 
diversion systems used to sustain water demands in nearby regions of the state (Bennett 
2005; Hobbs et al. 2006; Moyle et al. 1992; Nobriga et al. 2005; Rosenfield and Baxter 
2007). Northern California trade and commerce have allowed invasive species from all 
over the world to colonize the Bay and delta (Cohen and Carlton 1998). Mercury   8 
contamination and the presence of polychlorinated bisphenols (PCBs) are also of 
concern. Levels of more than ten times the accepted limit of PCBs have been recorded in 
sport fish from the Bay, and the presence of environmental and biological mercury 
originated with mining in the Sierra Nevada (Davis et al. 2007; Hornberger et al. 1999). 
More recently, the U.S. Fish and Wildlife Service, California Department of Fish and 
Game, and the California Coastal Conservancy have formed the South Bay Salt Pont 
Restoration to restore the industrial salt marshes of the South San Francisco Bay (Martin 
2004).  
Development of current community structure 
The target community is only helpful when compared with the community 
structure present within the Bay. These data were obtained from the Marine Science 
Institute (MSI) in Redwood City, CA. Since 1970, MSI has been conducting daily trawls 
of the South San Francisco Bay between the San Mateo and Dumbarton Bridges in order 
to identify which species are present in this particular region of the estuary. Samples are 
collected with a 21 foot long trawl net with 1 ½ inch netting and ½ inch cod end. Each 
trawl lasts an average of 12 minutes. The area is mapped out into many grids, and all 
possible grid locations are sampled at least once throughout the year.  
Proportions of each species for a given year of collection were calculated by 
dividing each species sum by the total sum of fish caught that year. In order to eliminate 
variation caused by environmental factors such as drought or El Nino events, proportions 
for each species were grouped into periods of approximately five years, and a mean 
proportion was calculated for each period. Because there was a gap in data collection at 
MSI in the 1980’s, abundance proportions from years 1980-1989 were grouped and   9 
averaged together. The proportions were then ranked in descending order, with the most 
abundant fish species ranked first.  
Comparison of target and Bay communities 
The target fish community was then compared with the actual community of fish 
present within the San Francisco Bay. In order to determine whether a species was 
significantly over- or underrepresented relative to the target, 95% confidence intervals 
were calculated using the difference between the predicted target proportion and the 
observed Bay proportion for a given species. If the confidence interval excluded zero, the 
difference was considered significant. Species not over-or underrepresented were 
considered to be present in the expected frequencies of the target community. 
A variety of different references were consulted to obtain information on over- 
and underrepresented species, including Bay Fishes of Northern California (Bane and 
Bane 1971), Inland Fishes of California (Moyle 2002), and Fishes of California and 
Western Mexico (Burgess and Axelrod 1984). Life history traits, depth, habitat, 
ecological niche, diet, along with salinity, temperature, and pollution tolerance were 
analyzed for each species. Species with similar ecological characteristics were clustered 
together into groups, and then patterns in over-or underrepresented species were 
identified within each. Since statistical analyses are not appropriate for these groups, a 
2/3 majority of either over- or underrepresented species group was considered 
noteworthy. 
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Results 
Target community 
  Retrieved ELMR data from the four reference sites (Columbia River Estuary, 
Tillamook Bay, Morro Bay, and Santa Monica Bay) included between 38 and 40 species 
per site. Overall, the reference sites contain similar species of fish. Different salmon 
species were collapsed into a general salmon category. The compiled target fish 
community consisted of 35 species that should be represented within the Bay, of which 
an average of 20 can be found in the Bay during each time period sampled. Seven species 
were never found in the Bay, and these include barred sand bass, kelp bass, pacific sand 
lance, deep-body anchovy, cutthroat trout, steelhead, and eulachon.  
The proportions of the top ten most abundant species of the target community are 
as follows: Northern Anchovy (NA), 0.241; Pacific Staghorn Sculpin (SHS), 0.120; 
Shiner Surfperch (SSP), 0.080; Topsmelt (TS), 0.060; Arrow Goby (AG), 0.048; 
Threespine Stickelback (TSS), 0.040; Pacific Herring (PH), 0.034; California Halibut 
(CH), 0.030; Leopard Shark (LS), 0.027; and Jacksmelt (JS), 0.025 (Figure 2). Refer to 
Appendix B for a comprehensive list of species codes and proportions.    
Bay community 
MSI conducted a total of 9970 trawls over 33 years from 1970-2008. There were 
no trawl data for the years 1983-84, 1987-88, and 1990-91, and very little data for 1982, 
1985-86, and 1989. There was a mean of 256 trawls per year, and the mean number of 
different species caught per trawl was 40 species.  On average 23,660 fish were caught 
each year. Refer to Appendix C for a comprehensive listing of the data.  
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Comparison 
Northern Anchovy (NA) and English Sole (ES) were substantially 
overrepresented in the San Francisco Bay for a majority of the time periods (Figure 3). 
There were no large changes in overrepresented species abundances through time, 
although abundances did fluctuate slightly. For years examined from 1970-1979, 
overrepresented species were Northern Anchovy, Shiner Surfperch (SSP), and English 
Sole. During 1980-1989, White Croaker (WC) and English Sole were overrepresented. 
From 1992-1995, as well as 2005-2008, Northern Anchovy was the only overly abundant    12 
 species. From 1996-1999, Northern Anchovy and English Sole were overrepresented. 
From 2000-2004, Northern Anchovy, English Sole, Shiner Surfperch and Pacific Herring 
   13 
Table 1. A summary of fish that were found to be over- or under-represented in the San Francisco 
Bay as compared with the target community. Includes habitat, pollution tolerance, and life history 
information.  
YEAR   SPECIES  HABITAT  PISCIVORE  POLLUTION  SALINITY 
Overrepresented           
1970-1974 
 
 
 
1975-1979 
 
 
 
1980-1989 
 
 
1992-1995 
 
1996-1999 
 
 
2000-2004 
 
 
 
 
2005-2008 
NA 
SSP 
ES 
 
NA 
SSP 
ES 
 
WC 
ES 
 
NA 
 
NA 
ES 
 
NA 
SSP 
ES 
PH 
 
NA 
 
Pelagic (P) 
P 
Benthic (B) 
 
P 
B 
B 
 
B 
B 
 
P 
 
P 
B 
 
P 
P 
B 
P 
 
P 
 
No 
No 
No 
 
No 
No 
No 
 
Yes 
No 
 
No 
 
No 
No 
 
No 
No 
No 
No 
 
No 
- 
- 
- 
 
- 
- 
- 
 
- 
- 
 
- 
 
- 
- 
 
- 
Low 
- 
- 
 
- 
 
High 
Low 
Low 
 
High 
Low 
Low 
 
High 
Low 
 
High 
 
High 
Low 
 
High 
Low 
Low 
High 
 
High 
 
YEAR   SPECIES  HABITAT  PISCIVORE  POLLUTION  SALINITY 
Underrepresented           
1970-1974 
 
 
 
 
1975-1979 
 
 
 
 
1980-1989 
 
 
 
 
1992-1995 
 
 
 
 
 
1996-1999 
 
 
 
 
2000-2004 
 
 
 
 
2005-2008 
SHS 
TS 
AG 
TSS 
 
SHS 
TS 
AG 
TSS 
 
SHS 
TS 
AG 
TSS 
 
SHS 
TS 
AG 
TSS 
PH 
 
SHS 
TS 
AG 
TSS 
 
SHS 
TS 
AG 
TSS 
 
SHS 
TS 
AG 
TSS 
 
B 
P 
B 
B 
 
B 
P 
B 
B 
 
B 
P 
B 
B 
 
B 
P 
B 
B 
P 
 
B 
P 
B 
B 
 
B 
P 
B 
B 
 
B 
P 
B 
B 
 
Yes 
No 
No 
No 
 
Yes 
No 
No 
No 
 
Yes 
No 
No 
No 
 
Yes 
No 
No 
No 
No 
 
Yes 
No 
No 
No 
 
Yes 
No 
No 
No 
 
Yes 
No 
No 
No 
Low 
- 
- 
High 
 
Low 
- 
- 
High 
 
Low 
- 
- 
High 
 
Low 
- 
- 
High 
- 
 
Low 
- 
- 
High 
 
Low 
- 
- 
High 
 
Low 
- 
- 
High 
 
High 
Low 
Low 
High 
 
High 
Low 
Low 
High 
 
High 
Low 
Low 
High 
 
High 
Low 
Low 
High 
High 
 
High 
Low 
Low 
High 
 
High 
Low 
Low 
High 
 
High 
Low 
Low 
High   14 
(PH) were all overrepresented. A summary of the overrepresented species can be found in 
Table 1. 
Pacific Staghorn Sculpin (SHS), Topsmelt (TS), Arrow Goby (AG), and 
Threespine Stickelback (TSS) were underrepresented for all years sampled. In addition to 
these, Pacific Herring (PH) was also underrepresented during 1992-1995. There were no 
changes in underrepresented species abundances through time, although abundances did 
fluctuate slightly. A summary of the underrepresented species can be found in Table 1. 
  In general, both over-and underrepresented species included predators of other 
fish as well as planktivores and herbivores. Only two underrepresented species, Topsmelt 
and Jacksmelt, occupied pelagic habitats. California Halibut and English Sole were the 
only benthic species overrepresented during a time period. Species with high salinity 
tolerance were represented evenly by both over-and underrepresented species. The life 
history and ecological characterization of each over- and underrepresented species is 
compiled in Table 1.   
Discussion 
  The first ten species within the target community represent 72% of the 
community, with the other 28% comprised of 25 different species. The community 
contains a fairly even mixture of pelagic and benthic species, which can be seen in the 
first ten species. More than 44% of the community is comprised of the three most 
common species: Northern Anchovy, Pacific Staghorn Sculpin and Shiner Surfperch.   
The community actually observed in the Bay included Northern Anchovy, Pacific 
Staghorn Sculpin, and Shiner Surfperch as three of the most common species, with 
between 80% (1975-1979) and 54% (2000-2004) of the community comprised of just   15 
Northern Anchovy and Shiner Surfperch. Northern Anchovy was the most common 
species in the Bay during each time period sampled, and both Pacific Staghorn Sculpin 
and Shiner Surfperch were within the top 8 most common species during all time periods.    
Although there were similarities in presence of species between the expected 
target and the observed Bay communities, there were differences in the relative 
abundances of each. In general, benthic species tended to be less abundant relative to the 
target community while pelagic tended to be overrepresented. This is clearly seen 
through the dominance of Northern Anchovy, leaving Pacific Staghorn Sculpin to occupy 
0.1% of the community despite being the third most abundant species in the Bay from 
1996-1999.  
Overall, the target community analysis determined that the Bay is in fair 
environmental condition. This is in agreement with Moyle (2002) who claims that the 
presence of Shiner Surfperch in bays is a sign of good environmental quality. My 
analysis revealed that these species were in fact abundant up until the 1980s, and that 
they were more prevalent in the Bay from 2000-2004 than predicted by the target. Also, 
Shiner Surfperch were never underrepresented during other time periods; rather, they 
were present in proportions predicted by the target. In the section of the South Bay where 
data were collected, there does not seem to be a significant shortage of Shiner Surfperch. 
In contrast, Staghorn Sculpin, another indicator of high water quality when present in 
streams (Moyle 2002), was consistently underrepresented throughout all time periods in 
relation to the target. However, this is to be expected since freshwater streams enter the 
Bay in the upper, more northern parts of the estuary rather than the slightly more saline 
South Bay. Interestingly, the Threespine Sticklback is considered to be a hearty, tolerant   16 
fish (Moyle 2002) yet they are also underrepresented for all time periods. This is in 
disagreement with Leidy (Leidy 1984), who claims that they are one of the most 
prevalent species in the Bay.  
Data reveal that Northern Anchovy are consistently the most overrepresented 
species in the Bay, both historically and today. This is in agreement with studies that 
explain high prevalence through abundant food availability for adults, and higher 
estuarine larvae survival than larvae off the coast at the same latitude (McGowan 1986). 
The large success of pelagic schooling fishes such as Northern Anchovy could be 
attributed to increased food availability caused by eutrophic conditions (Persson et al. 
1991a; Persson et al. 1991b). In addition, the Pacific Ocean has experienced natural 
cyclic changes in anchovy abundance due to variations in environmental conditions 
(Chavez et al. 2003), and the California fish populations are well known to have human-
induced peaks and collapses (Jackson et al. 2001). The specific increase in species 
abundance from 2005-2008 could be explained as a response to food web disruption from 
the invasive clam Corbula amurensis. Kimmerer (Kimmerer 2006) determined that in the 
North Bay, C. amurensis was reducing the phytoplankton blooms on which Northern 
Anchovy feed. This resulted in Northern Anchovy occupying more saline waters, such as 
the South Bay, in search of food. Overabundance of Northern Anchovy is therefore 
consistent with previously published research. Furthermore, Bain and Meixler (2008) 
found similar results in the Hudson River.  
There were no significant differences in temperature tolerance or diet between 
over and underrepresented species; however, habitat did differ between the two groups. 
Underrepresented species tend to occupy benthic habitat (TSS, SHS, and AG) rather than   17 
pelagic (TS). This result can be explained in several ways. First, pelagic eutrophication 
could decrease benthic oxygen availability and indirectly cause a decline in macrofauna 
(Diaz and Rosenberg 1995). Hypoxic conditions reduce the quality of available food 
types and therefore exhibit bottom-up control on benthic fish. Pelagic food chains in the 
Chesapeake Bay have been shown to be unaffected by eutrophication, while changes in 
transfer of primary production and efficiency of nutrient cycling can negatively impact 
benthic habitats (Kemp et al. 2005). Similar conclusions have been documented in the 
Bay itself (Cloern 2001), and agree with Epping and Jorgensen’s (Epping and Jorgensen 
1996) exploration of the benthos. The second explanation is that a decrease in benthic 
species could be linked to toxic chemicals buried within the sediment. High mercury and 
PCB levels have been recorded both within the environment and within organisms in the 
Bay, and could be contaminating benthic fish directly (Davis et al. 2007). There are still 
documented cases of toxin accumulation within English soles in Vancouver Harbor, 
Canada (Bolton 2004). Their abundance in the Bay might be explained by the efforts of 
the Pacific Coast Groundfish Fishery Management Plan to maintain a large stock for 
consumption (NOAA 2008).   
According to the target community analysis, restoration goals for the South San 
Francisco Bay should target pelagic eutrophication as well as sediment toxicity. By 
concentrating on these two areas of the environment, restoration efforts can focus on the 
most influential components of the system and hopefully result in greater improvement of 
the Bay. Benefits of using this methodology include efficient use of management 
resources, such as time and finances, as well as utilization of a more appropriate 
restoration goal. Although results from the methodology revealed findings similar to field   18 
and experimental studies, caution should be used when utilizing a target community 
approach to aquatic resource management. Extreme care should go into identifying and 
choosing reference sites, and if no proper reference sites exist, this methodology is not 
appropriate. The success of the analysis is therefore limited by the quality of chosen 
reference sites and available trawl data. The San Francisco Bay is a unique ecosystem on 
the Pacific coast, and deciding on appropriate, similar reference sites proved challenging. 
However, I have shown that the methodology is appropriate for estuarine systems as well 
as river systems, and can be implemented in other geographical locations besides the 
northeastern United States. Further analyses should be conducted in other aquatic systems 
in order to confirm its utility and ensure its use in future water resources management of 
a variety of systems.   
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